Abstract: Cotton cropping has been developing for more than 40 years in the western part of Burkina Faso. It has made a definite modernization of the traditional farming system. Modernization is illustrated by adoption of specific agricultural practices like monoculture, tillage, straight sowing and slope ridge planting. Misuse and non-adaptable local pedologic and climatic context of these new practices perturb soil hydrological processes. Outcomes are water loss by runoff, erosion and changes in the soils physical and physiochemical properties. Besides, we can notice in this area for more than 30 years climatic changes which require us to ask ourselves what are the resulting consequences. In fact, these climatic changes generate an extension of the rainy season, an increase in the frequency of high intensity spells but also recurrence of dry spells during the rainy season. Do these new climatic conditions exacerbate the consequences of cotton practices on hydrological processes and induce an aggravation of flow and erosion processes? These evolutions have direct consequences on crop production whereas needs are highly increasing. The improvement of the prevailing agricultural practices and innovative practices might provide improved pluvial resources in critical moments such as rainfall excess at the beginning and the end of the rainy season and short drought conditions after sowing or germination and during flowering. However two questions arise. In the rainfed agriculture, which cultural practices (to reduce runoff and to favour infiltration) are, in regard to pedologic, climatic or socio-economic context, able to allow improved water efficiency and, as a result, an increase of the food grains production? Might selected practices and production addition satisfy requirements of the coming population?
Introduction
In Haute-Volta (nowadays Burkina Faso), cotton was adopted as a cash crop from 1920 in the colonial development framework. Nevertheless, up to the early 1960's the shocks that hit the country limited its development. It was only after independence in 1960 that cotton production really increased, due to an extension of the newly sown land 1 and a simultaneous rise in crop yield. From then production increased in the Western provinces of the country (Mouhoun, Houet, Kossi. . .) due to favourable pedological and climatic conditions 2 for the cotton cultivation.
In these provinces the development of a cash crop has transformed the traditional farming systems and as 1 The extension of land usage for cotton production has been expense of fallow fields and new clearing of land, though not on land used for food crops.
2 Without irrigation, cotton cultivation requires 700 mm of rainfall over a 120-day period. A daily requirement of 2 mm rising to 7 mm of rainfall is required in the growing cycle. In the Mouhoun, the average annual rainfall covers the needs of cotton and the length of the rainy season satisfies the requirements of vegetative and productive cycles (Hauchart 2005 ). a consequence, the technical (cultural practices, agricultural calendar. . .) and environmental (soil hydrological and physio-chemical properties) conditions of production. This evolution poses the question of the durability of the cotton farming systems.
This study is based on a balance sheet of the productivity and environmental factors of the cotton farming systems of Mouhoun followed by an evaluation of the climatic change effects on these systems. Based on these factors, this study subsequently presents comments (objectives, methods, outcome and limitations) on the improved management of rainfall as an adaptation and response strategy to new constraints and problems.
Methods

Climatic and pedological context
The study took place in the Mouhoun, where the climate is categorised as North-Sudanian, characterised by an average annual rainfall of 759 mm falling in 5 months. The scope of the study covers three morpho-pedological units. hydromorphic or hydromorphic pseudogley soils; they are ferruginous soils on the glacis and mineral soils and vertisol in the hilly Birrimien zone.
Research protocol
A field-based study undertaken between 2001 and 2006 allow us to write and understand the cotton farming systems, to quantify and qualify the environmental dynamics present in the zone and determine the constraints and potentialities of the climate.
Investigations were undertaken of a representative sample of cotton farmers in 19 local villages of the three morphopedological units within the scope of the study. A statistical analysis of the answers to the questionnaire and a matrix analysis were undertaken to create a typology of farmers. The types were categorised by different criteria: size of farm, tools and agricultural practices (tillage, fertiliser. . .), type of land holding and ethnic group.
Observations on the hydrological and pedological dynamics were made over the rainy season and completed including measurement of the soil samples on the parcels. The samples were analysed in a laboratory to determine the proportion of coarse particles, sand, clay, sediment and organic matter 3 . The quantitative and qualitative results obtained were recorded then compared with the typology of the farmers to correlate cotton agricultural practices, environmental dynamics and morpho-pedological unit.
The field-based study was improved by using agricultural statistics and meteorological information 4 like daily, ten daily and monthly rainfall, monthly maximum and minimum temperatures, ten daily evaporation and humidity records. . .. These values permitted an analysis of climatic characteristics using mean, moving average, median values and then decided the period of best humidity for vegetation and the latest date for the sowing to start.
Results and discussion
The cultivation of cotton: A contrasting balance sheet In the Sahelian to North-Sudanian savannah, the working of the land rests traditionally on a rainfed agriculture of the cleared land. The cultivation methods are simple: sowing, usually without preparing the soil, and various manual weeding and ploughing activities.
The introduction of cash crop cultivation caused a certain reorganisation of technical methods of production (Hauchart 2005) . Exclusively intended for export, cotton production depends on the international market and as a consequence requires substantial financial investment. The modernisation of agricultural practices was due to the cotton development company and a national program of financial and material aid. It is true that cotton cultivation remains a practical proposition as a rainfed culture. Nevertheless it benefits from improved and semi-intensive practices like clearing of the land parcels, monoculture, the mechanisation of primary agricultural activities (tillage, weeding), ridging and use of mineral fertiliser.
As shown by yield instability (Fig. 1 ), this does not allow the farmers to react to climatic risks and guarantee production but these technical advances are being put into effect in the cotton producing area, causing an increase in cotton and also cereal yield which is as much as 20-30% higher than in the traditional cereal cultivation zone (Hauchart 2005) and reflect a good level taking into account the agro-climatic context (Fig. 1) . So food production is made more reliable in the cotton producing area where the cereal production is 131% of need, on a base of consumption of 250 kg/person/year.
Conversely, the poor application of certain practices (superficial plough, furrows in the direction of slope) or their inability to adapt within the pedoclimatic context affects the environmental dynamics and increases runoff and erosion. This is highlighted by the partial loss of hydric resources, which are insufficient for crop needs at the annual scale even the intra-seasonal scale. The runoff follows the pre-existing micro-model and concentrates in the furrows, which constitute the preferred direction of evacuation of water and cause incisions like gully channel.
This also causes the modification of structural and textural properties of the soil, which results in a perturbation of the hydrological processes. In effect, the soil is left uncovered or sparsely covered, destructed by the ploughing and susceptible to the force of the rainfall for several weeks at the beginning of the agricultural season. The soil splash detachment residue causes a change in the soil surface. The formation of the surface crust or clay skin limits the potential of subsequent rainfall to penetrate into the soil. The splash causes a selective erosion during which fine particles (sand, clay and loam) are moved from ridges to furrows and then from the top to bottom of the fields (Table 1) . That is how 81% of Mouhoun soil is washed away, eroded and 52% of it has become acidic (Hauchart 2005) . In short, the cotton farming systems appear productive but their environmental durability is questionable. Two reasons for these doubts are that agricultural practices cause hydrological processes perturbation and do not allow for the regeneration of soil fertility.
Probable and observed effects on the durability of cotton farming systems due to climate change On average, the North-Sudanian climate satisfies all the water needs of crops (Fig. 2a) . Even so it causes constraints due to the variability (annual, intra-seasonal and ten daily) of rainfall, the increase in occurrence of high intensity spells and dry periods during the rainy season. These risks are, with poor application and inadequate farming practices, responsible for the uncertainty of crop yield and the observable environmental degradation.
For more than 20 years, climatic changes have occurred in this zone. As part of a study of cotton farming systems durability, it seems reasonable to ask if the observed changes will increase the consequences of farming practises on the hydrological processes of the soil and reinforce the mechanisms of runoff and water erosion in the cotton producing areas. The question of the durability of the cotton farming systems lies undeniably in the socio-economic role played by cotton, as much as in the local as national scale (Hauchart 2006) . It lies too in the new constraints (increase in population, pressure on land, needs and the loss of soil fertility), which have and will have more and more consequences.
In actual fact, climatic changes result in a total annual rainfall increase: the moving average, with a span of 5 years, shows that, since 1991, 5 yearly average annual rainfall has exceeded the 1980-2000 mean rainfall (759 mm). This increase produces a lengthening of the rainy season from April to October and causes new problems (Hauchart 2005) . April is, with the months of May and June, the period of maximum soil erodability. It is due to a combination of mellow soil and the heavy rains, which exceed the plants requirements and increase runoff (Fig. 2b) . Runoff occurs when the precipitation is greater or equal to 10 mm. There have been 124 occurrences of more than 10mm precipitation in April, May and June in the last 20 years. The local Dedougou meteorological station data shows that this is included 27 occurrences of more than 30mm. Elsewhere, the belated end of the rainy season, which results in an increase of precipitation in October prevents the dehiscence of the capsules and ears and then causes their rotting and the loss of the harvest (Fig. 2b) .
The climatic change also appears with a rise in daily even ten daily rainfall with an increase in the return period of high intensity of precipitation. These excessive rains hinder plant growth. They feed the runoff, increasing its volume and speed and its erosivity, especially if the rains of sudden maximal intensity occur in April or May, on exposed soil. The aggressivity is considered as strong as soon as rainfall exceeds 120mm/hr during a 5 min period. Episodes of 120 to 140mm have been observed with yearly frequency. Besides the mechanical erosion comes a chemical change and impoverishment of soil resulting in mineral loss by dissolution then lixiviation. The modification of physical properties of the soil (erosion, loss of fine particles) and their chemical modification (loss of exchangeable bases, nitrogen and organic matter, acidification 5 ) explain a progressive decrease of their agronomic capacity. Inevitably, this results in a stagnation or even a decline in crop yield.
Finally climatic changes manifest itself by the appearance of dry periods during the rainy season, the frequency and duration of which are increasing. There are now periods of more than 15 days without useful amounts of rain. These dry periods cause a hydric stress for the plants (Fig. 2c) , which is harmful especially when it occurs in the flowering stage or during capsule and ear formation. Also it affects the harvest and hence what is destined for human (millet, sorghum, maize) and commercial (cotton and cereal surplus) consumption.
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V. Hauchart Consequently, without any action (rational and practices, anti-erosion action), the new climatic characteristics will increase the risks for both soil (runoff, erosion, changes in the soil physio-chemical properties) and crops (water in excess, rotting, hydric stress).
Managing pluvial resources: A solution? The solution?
The durability of the cotton systems relies on the preservation of resources (water, soil. . .), and simultaneously with the preservation of the farmers revenue and cereal production potential. Due to the new constraints, the rational management of rainwater appears to be a solution against the hydrical risks that threaten both the soil and the harvest.
Two questions present themselves. Which cultural practices are able, within the pedalogical, climatic and socio-economic context, to increase the productivity (with respect to the volume that evaporates) and efficiency (with respect to the amount of rainwater or irrigation), secure agricultural production whilst guaranteeing the preservation of environmental resources? In the long term, might selected practices satisfy requirements of the coming population? We must remember that the demographic dynamics (the natural increase and the arrival of immigrants drawn by favourable conditions) and the progressive loss of arable land in the Western provinces of Burkina Faso do not allow the extension of cleared land as a method to increase agricultural production. As a consequence, the maintenance of revenue, the stabilisation and then raising of production cannot be achieved without the improvement of soil hydrology and optimum water use by the farmers.
The management of water resources will allow the reduction in the hydrological loss (by evaporation 6 , runoff, drainage and percolation), the lessening harmful intra-seasonal pluviometric deficits and the control of hydrological dynamics following the critical pluviometric excesses. Keeping a sufficient level of available water for the crops means organising the collection of rainwater, limiting evaporation, aiding of water retention and enhancing of water conditions for vegetation growth. Several methods have been proposed but are usually based on annual rainfall average. But it is essential to take into account the variability of rainfall, not just total annual rainfall, to determine the correct strategies. It also is necessary to take into account the variability even within a local area to put in place solutions for the land parcels. These actions must be integrated within a global strategy.
In the Western provinces of Burkina Faso, techniques to reduce hydrological risks and improve the soil hydrology (Mietton 1986 ) are known by the population.
The first of these is the construction of stone bunds destined to slow down and reduce runoff, aid water infiltration and retention in the superficial horizon of the soil. These actions change the parameters of flooding by lowering of the maximum flow. The slowing down of the water flow depends on the permeability of the bunds 7 The improvement of the hydrological value of the soil translates into an increase in grain and biomass production. The implementation of this technique always depends on the availability of material and causes pressure on the time and energy to furnish a hectare with stone bunds. These bunds can be replaced with fascines of brushwood, which is less efficient or even by grass strips which have similar effects than stone bunds.
The third traditional technique is organic fertiliser. This helps the structure and porosity of the soil, retains structural surface stability and aids the permeability of the soil, the water infiltration and retention. In the meantime, technical (lack of vegetation resources and competition for their usage, lack of animal manure, transport) and cultural (weight of traditions, poor compost making processes) problems present themselves.
Other ancestral practices such as mulching could ensure the protection of the soil surface against rainfall splash. This could play a role in external conditions of encrustation, which reduces infiltration and slow runoff by the creation of open rugosity.
Finally, traditional practice in the Sahelian region, the zaï aids soil and water conservation. It consists of pattern of holes dug in the land parcel with the excavated earth forming a dam on the downward side of each the holes. These holes allow the collection of 25% of rainfall that run off on an impluvium corresponding to five times their surface. The concentration of organic matter and water allows faster development of the crops, better crop yield, especially in the areas where precipitations are between 300 and 800 mm (Floret & Pontanier 2000) and limits the risk of resowing. Nevertheless, splitting up the areas into zaï has similar times and labour limitations 8 as construction of stone bunds.
All these practices improve the hydric balance sheet and reduce the erosion risks but their application is difficult. So none of them can be envisaged as a concrete solution.
Certain other traditional or innovative practices help the management of pluvial resources when they are carried out under experimental conditions and could be encouraged in the cotton production area. An example is to plough in the dry season. It is an applicable technique in the Mouhoun region where the material and draft animals are already largely available. The plough digs to a depth of 8-12 cm, perpendicular to the principal slope or following the curve of the hill, with a distance between furrows of 45-50 cm. The creation of micro-models and the amelioration of the surface porosity facilitate water infiltration, the lowering of the water table and the development of a deeper root system.
The second example is the use of hydro-retention products like Polyter. They allow, using water stockage in the soil, a limit on the hydric stress for the vegetation. Used immediately after the first significant rain, at the same time as sowing, these products have the capacity to absorb 160-500-times their weight (Karimou & Bouzou 2004) . The granules modify the surface state of the soil creating a micro-model, which favours the retention of water. They also form nodules around the roots, providing a useful water resource for vegetation and limiting loss by percolation (Dugue & al. 1988 ). The effects are beneficial both to the soil and the crops but they are relative in respect of the cost of the products. So hydro-retention products can only be justified for cotton production, not cereal production.
Conclusion
In short, managing pluvial resources and improving soil hydrology is the most urgent solution because water is the most important factor for both soil, due to erosion risks and crop yield. This solution at the same time allows the limiting of the physical and chemical degradation of the soil and improves the hydric balance sheet, which benefits crops. In the meantime, due to technical and cultural limitations, it is difficult to implement this solution as a general practice. So it is necessary to study these limitations taking into account the local and regional context (socio-economical factors, climate, soil. . .). It is also necessary to implement this solution within regional and national programs in order to give farmers access to credit and training. Finally, the durability of cotton farming systems relies on the implementation of rainwater management to ensure soil fertility improvement.
